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ABSTRACT

KEYWORD

Purpose: People in Korea spend about 90% of their daily life indoors, making indoor air quality an important
health factor. Ventilation is necessary to improve indoor air quality, but this process also allows outdoor fine
particles to enter the indoor space. Such particles can be reduced using mechanical ventilation systems. However,
domestic studies on the actual fine particle filtration efficiency of HRV remain limited. Method: An HRV system
was installed and operated in a full-scale residential test house. Three types of filters were tested: 40%, 90%, and
HEPA (H13). Filtration efficiency was evaluated using both the Upstream—Downstream method and the Material
Balance Equation method. To assess the impact of the HRV and the duct system, the Upstream-Downstream
method was applied at different supply air (SA) duct sampling points. Result: For particles in the 0.3—1.0pm range,
the 40% filter showed an efficiency of 27.9% at a duct length of 2m, which increased to 34.2% at 9.4m (a gain of 6.3
percentage points). In contrast, the 90% and HEPA filters showed changes within £0.1% across all duct lengths. In
comparing the two evaluation methods, the MB method produced higher values for the 40% filter but lower values
for the 90% and HEPA filters than the UD method. The difference between methods was greatest for 0.3—1.0um,
which is also the most harmful size range for health. This result shows that MB should be complemented with UD
in field evaluations.

(© 2025. KIEAE all rights reserved.

Upstream-Downstream method
Material Balance Equation

Heat Recovery Ventilation System
Particle Deposition

ACCEPTANCE INFO

Received Oct. 20, 2025
Final revision received Oct. 24, 2025
Accepted Oct. 30, 2025

1. ME 9ol dmehazt i 9 gE] ofg 2 F2H(Deposition) 5
ot adle] g2 e & Ak

QI7he 512 ABHo] oF 90%E Aol A Bjui[1], o]of wa} A U ARG AFNME dol4d @71dne] B A4 aes F
Y274 fHa)e A7o] 23 @ 4otk nHAL 557] 2 & = AR 2300 Ashr i o= rhetalot11~13). AshwH
74 A Guel e, A7) k& A Hoh i 958 £71A]7] < HE 7|Eo R 18] Wio] AR -olF 44 g AA
E QA AT G AL AoR geA dot2~T) g vlaetel ol 58S WAsh] led] 54 WA Eestal o)y
9] PM,s AMF 5 5= 28 8ug/m’2 OECD B9 oF &= v o5 ggHste] Y AiAcr d W= Aol ot v, HE
o g5, ok 9177 World Health Organization (WHO) B3 Wi Fgolu BleE AEF R A oA HA s/ o] A=
71291 Spg/m* S 2TFete B ko] L& 1 9IoH8], AYEr]1 AL A b, S A B2 e A& 52 el
MAste A g7)7F Do) A]ut 8h7] T4 @E u] 4| A7} g ZA5of stH, o] oA LA st A o= Qe &
AYZ §9lEe BA7F SAg) A7F A 4 9k 53] 71E A B Aol ASsAe,

20064 “AZE0] Hu]7]|Z Sof T3t 72" AL S 1004 AA Gl M= 9 E Dol sl WA sh= F71A Q] YA AIA &
o ol4e] BTl 71 AR L Adgy] du] 427} ojw st WHEAE 5 g
=9t B5t 188 7| AZEA T A48 57]4H] (Heat oA 2 ATl As AR FFF el AARt 3l 8714
recovery ventilation system, HRV)7} 35| A, F5F8-& S HE Weo R =da g4 g ot is A8stla, 9E 4
o2 d35]28 g7 Au] Bgo| ShE|QIrH9]. A35]48 8] A ojof] W w2 o3} g8 HelE HIIsIAt ol T 2H
L 9]7]12 molshHA WU BE12 473t 2 Q)i AFHo] 9lo SR oty HE 7o A EA¥sh= A A2 avE A4
o, FAlO BEE o A ] mAHA o] f-1& 2t 4= SATH10]. S & gQlolar, @Rl M o] Ae]4-g 71| nlEA] ot a8
T 8149 §7]48] 715l T2 ulAHA o3} % UE B7HA Ao @ 842 A4 GRLA Pk

pISSN 2288-968X, eISSN 22889698
http://dx.doi.org/10.12813/kieae.2025.25.6.07 1

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 71


https://crossmark.crossref.org/dialog/?doi=10.12813/kieae.2025.25.6.071&domain=https://kieae.kr/&uri_scheme=http:&cm_version=v1.5

S
(=]

EJ

Boxt=s

i

o
o

Y o]

2, g
2.1. 33M8

DEAAE

274 ABL AWHY FEFY T2 7% nPAl AT
A9-g Felolth A4 4% ol w T F22] 27 AT 7
Zult Qs Pt 450 AIHHS AHSIAL, Bl Ad
20, BZol T I/RZ =Hojdot, 4 At <] v H A2 68.5m”, &
1= 2.3molth Fig. 1.2 &4 A= 9 S Al AA Argloltt,

- M B
AT 4
4
a) b)
Fig. 1. Test building and living room
I E——
—<2m [
>
4.5m
HRV
e I
@
i ) 9.4m | | N
C11.5m <O ®
Fig. 2. Floor plan and ductwork diagram of the actual residential
unit. The blue lines represent the supply air (SA) ducts, and the

yellow lines represent the return air (RA) ducts of the ventilation
system.The upstream—downstream method used duct lengths of 2m,
4.5m, and 9.4m, while the material balance equation method used
94m and 11.5m ducts. The red dots indicate the sampling
locations for the material balance equation method
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Fig. 3. Installation of measurement instruments for the material
balance equation method
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Fig. 4. Schematic diagram of material balance equation method.
SA is supply air, OA is outdoor air and HRV is heat recovery
ventilator
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Fig. 5. Setup of measurement instruments for the upstream-downstream
method
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Fig. 7. Filtration efficiency of the heat recovery ventilator
measured by the upstream—~downstream method at different duct
lengths
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